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Alhtrat-l. Glycopyrrolate. a synthetic quaternary ammonium compound had biphasic effects on the
contraction of guinea-pig atrium. At concentrations between 0.4 and 20 i M. glycopyrrolate induced a
small but consistent increase in the contraction force.

2. Further increase in the concentration of glycopyrrolate produced a concentration-dependent
reduction in the force of contraction with a EC,, of 0.24 mM.

3. This negative inotropic effect was opposed by a Ca2l channel agonist, Bay K 8644. Glycopyrrolate
also antagonized potently the depressant effects of carbachol and acetylcholine in guinea-pig atrium.

4. Schild analysis showed a pA, value of 8.16 against carbachol and 8.39 agains acetylcholine. These
similar pA2 values suggested that both compounds may have a common interacting site. The interactions
however cannot be explained by a simple competition model as the slopes of the Schild plots were larger
than unity.

S. The mutual competition between glycopyrrolate and quinuclidinyl benzilate (QNS), gallamine or
methoctramine indicated that glycopyrrolate could have multiple action sites in the atrium. Interaction
at an allosteric site was implicated.

6. Radioligand binding studies showed that glycopyrrolate displaced pirenzepine (PZ) and AF-DX 384
from their binding to the M, and M, muscannic receptors in guinea-pig brain membranes respectively.

7. The respective binding constants (Ks) were 0.60 and 0.03 nM. The Hill coefficient value (nx) for
glycopyrrolate against ()HI PZ was larger than unity, suggesting positive cooperativity at the receptor
complex. In contrast, the nH of the agonist (3HJ AF-DX 384 was not different fror unity, indicating a
simple competitive inhibition.

8. Our results confirm the antimuscarinic properties of glycopyrrolate. We suggest that the therapeutic
value of glycopyrrolate in the treatment of organophosphate poisoning is associated with its potncy
against prolonged muscarinic receptor activation by cholinergic agonists.

wNuODUCrlON through the blood-brain barrier (Proakis and Harris,
1979) which results in smaller interferences with the

Glycopyrrolate is a synthetic quaternary ammonium central cholinergic pathways associated with cardiac
compound, known to have antimuscarinic effects. innervations.
Together with atropine, glycopyrrolate is commonly Recently, glycopyrrolate has been used in
used during anaesthesia as an antisialogue and to combination with atropine, benzodiazepine and
prolong the effectiveness of some anticholinesterases pralidoxime to treat patients intoxicated by organo- -

such as physostigmine and neostigmine against phosphates. The combined formulations gave
neuromuscular blockade (Muravchick et al., 1979). superior control of bronchial secretions and mini- C
This effect is apparently unrelated to the inhibition of mized the occurrence of bradycardia. Furthermore,44h
acetyicholinesterase as glycopyrrolate is not an the combination therapy produced fewer central toxic
acetylcholinesterase inhibitor (Lau and Szilagyi, symptoms in comparison to cases when larger dooes
1991, data not shown). In contrast, Wali et al. (1987) of atropine alone were used (Tracey and Gallaghelr,
suggested that glycopyrrolate intensifies neuro- 1990). This evidence points to the usefulness of ma
muscular blockade, delays recovery after atracurium glycopyrrolate in treating medical conditions with
and is a potent antagonist of the muscarinic effects cholinergic implications, although its pharmacologi-
of neostigmine in rat isolated phrenic nerve- cal properties have not been fully determined. C
diaphragm preparation. Studies by Richards el al. In the present investigation, we have examined the ) •
(1989) indicated that glycopyrrolate when adminis- antagonism by glycopyrrolate of the negative in-
tered intramuscularly produces less tachycardia otropic effects due to acetylcholine and carbachol.
than atropine in anaesthetized patients. This may Mutual competition studies with muscarinic antagon-
be due to the slow penetration of glycopyrrolate ists and displacement experiments against specific

muscarinic radioligands were Oso conducted to duci.
"To whom all correspondence should be addressed. date possible sites of action of glycopyrrolate.
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MATERIALS AND METHODS dissociation constant (K,) requred for the calculation t,. X

Gubina-pig airtal preparations was determined in other experiments. Details of the method
have-been described by Freeman et al. (1986).

Left atrial preparations were surgically removed from

female guinea-pip weighing 250-4003 as described by Chemicals
Freeman and Turner (1974). Preparations were transferred Atropine. gallmi¢, carbachol and acetylholine were
to an organ bath containing Riager's heart solution (compo- obtained from Sigma, St Lous, Mo, U.S.A. ( ±y ) Quine

sition mM: NaCI 115, KCI 4.6. CaCI2 1.8. MgSO, 1.2, cladinyl benzilate (QNB), Bay K 8644 and methoctramine
NaHPO4 1.2. NaHCO, 22. glucose 22. pH m7.4) at 37'C. were from Research Biochemicals Incorporated. Natick,
The buffer was continuously aerated with carbogen (95% O, U.S.A. Glycopyrrolate was a gift from A. H. Robbins,
and 5% CO). The preparations were allowed to equilibrate Sydney. [1H) PZ (87.0 Ci/mmol) and ('HI AF-DX 384
for 30rmm before the experiment commenced. The atrmawere stimulated at 2 H-z and 10 V and the tension of (97.0 Ci-mnioi) were purchased from DuPont. Wilmington,

U.S.A. All other chemicals used were AR grade and areisometric contraction was recorded by a Shinkoh U-gauge readily available from the usual commercial sources.
(UL-2-120). The signal outputs were modulated by a Coul-
bourne transducer (S72-75) and recorded by a Graphtech
linear recorder (WR-3071). Tension development was con- RMULT
stant during the period of the experiments which lasted for Effects of glycopyrrolate on atrial contractility
approx. 3 hr. Glycopyrrolate at different concentration ranges
Brain membrane preparations for receptor bindig assays produced opposite effects on the atial fore of

Female guinea-pip were killed by cervical dislocation and contraction. In the lower concentration range
the brains rapidly removed for membrane preparation. Each (0.4-20 M M), glycopyrrolate marginally increased the
guinea-pig brain weighing 2-4 was dissected into different force by 4-13%. In contrast, increasing the conceit-
brain regions, the cortex and cerebellum. The cortex was tration from 40 pM to 0.8 mM induced a concen-
homogenized in 20 ml ice-cold Tris-HCI (50 mM. pH = 7.7) tration-dependent reduction in the force of
and the cerebellum in 20 ml ice-cold Na-K phosphate buffer contraction with a EC, of 0.24 ± 0.03 mM (Fig. i).
(10rmM. pH - 7.5) by an Ultra-Turrax homogenizer on
setting 6 for two 15 sec bursts with 30 sec rest period in At 0.8 aM, glycopyrrolate completely stopped atrial
between. The homogenate was then centrifuged at 18,800 X contraction. Addition of 0.5MM Bay K 8644. a Ca"
for 30 min at 4VC. The pellet was resuspended in 20 ml buffer channel agonist (Fieckenstein. 1984) antagonised the
and reeutrifuged under the previous conditions. The final negative effect of glycopyrrolate by shifting the
pellet was resuspended in 10 ml buffer. Extracts from cortex concentration-response curve to the right (Fig. 1).
were later incubated with ('Hi PZ for the assay of M, The EC,. for glycopyrrolate was increased to
mucarinic receptors. while those from cerebellum were 0.47 ±-0.03 mM which was significantly different
equilibrated with 13HI AF-DX 384 for M, subtype assay. (P < 0.05, n - 6) from the value obtained in the
Protein concentration of the cortical extracts ranged from 6 absence of Bay K 864. The negtive inotropic
to 10mg/nl, and of the cerebellum extracts. 4-6mgrml. effect of glycopyrrolate on the left atrium was

Diplocement studies readily reversible as the force of contraction rapidly
200 o1 ofthe cortical or cerebellum extracts was incubated returned to the control level when the drug was

with varying concentrations of glycopyrrolate washed out.
(0.01 nM-0.1 1M) in a total volume of 2 ml. For MI recep-
tor asy, 375 pM V'HI PZ was used and for M, assay, Interactions with muscarinic agonists
220 pM [3HI AF-DX 384 was applied. Non-specific binding Glycopyrrolate (0.01-0.1 M) potently antago-
for ['H] PZ was defined with 1 pM QNB and for (3H] nised the negative inotropic effects induced by acetyl-
AF-DX 384, I M stropine.

The incubation time was 2 hr for ('Hi PZ and I hr for ('HI choline and carbachol. The concentration-response

AF-DX 384. Binding was terminated by filtering through curves for both muscarinic agonists were displaced in
polyethyleneimine (0.05% w/v) moistened Whatman GF/B parallel to the right in a manner dependent on the
filter paper using a Brandel Cell Harvester. The filters were concentration of glycopyrrolate (Fig. 2). The anta-
rapidly washed with IS ml cold buffer in five aliquots and onism was fully surmountable as high concentrations
equilibrated with 10ml Beckman Readyprotein scintillant of the muscarinic agonists were capable of attaining
for 24 hr. Radioactivity was measured after equilibration
with a Beckman Liquid Scintillation System LS 5801; with
a counting efficiency of 50% for tritium. 10oo

Protein drtermination

The protein content of the brain membranes was
measured according to the Lowry et al. method (1951).

Data analysiu 5

The concentration-reponse curves were constructed by
adding drugs cumulatively to the organ bath. This did not
apply to the experiments for ACh, as the atria developed
desensitization at higher concentrations of ACh. Conse-
quently, fresh ACh was administered after the previous dose -4 -
was washed out. Data are presented as mean ± SEM; andSthe difference between the men was analysed by the Lo 91ycOMYmOlaet WM

Stdent's t-test (Downie and Heath. 1970). Fig. I. The negative inotropic effets of glycopyrolste in the
7%The rults of the displacement experiments were analysd absence (0) and presence (A) of 0.5 pM Bay K M4 on

by a Hill plot to obtain the Hill coefient (nj) and the guinea-pig atrium. Each point is the mean t SEM of 6
inhibition constant (0) for glycopyrrolate. The binding observations.
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Fig. 2. The effect of glycopyrrolate on the negative inotropic effect of (A) acetylcholine and (B) carbachol

Each point is the mean ± SEM of 4-6 observations. Controls (0); glycopyrrolate concentration
administered: 10nM (0). 20nM (e), 50nM (A) and 100inM (U).

maximum reduction in the arterial force of contrac- tramine was investigated. Based on the method of
dion in the presence of glycopyrrolate. Analysis of the Paton and Rang (1965). the dose ratios of the exper-
data by Schild plot (Arunlaskshana and Schild, 1959) iment in which the two drugs were applied simul.
showed a linear relationship (r 4 0.95). The pA2 value taneously should not be different from the combined
for glycopyrrolate was 8.16 against carbachol and dose ratios individually determined for the two antag-
8.39 against acetylcholine. The respective slopes onists if they compete at the same site. If they do not
of the plots were 2.2 and 3.0 (Fig. 3). They are compete, but combination wit'z either drug blocks the
both significantly different from unity (P < 0.05); receptor, then the experimental dose ratio should be
indicating that the antagonism is not of the simple equivalent to the product of the individual dose ratio
competitive type. of the two antagonists. Table I shows the dose ratios

for glycopyrrolate, QNB, gallamine and methoc-Antagonism to carbachol by glycopyrrolate and tramine, alone and in combination, competing with
muscarimc antagonists alone or in combination the muscarinic agonist carbachol. The experimental

The antagonism of the negative inotropic effects of dose ratio of glycopyrrolate (50 nM) and QNB
carbachol by glycopyrrolate. in combination with the (5 nM) was 225. It was significantly (P < 0.05) larger
muscarinic antagonists QNB, gallamine and methoc- than the ratio (37) expected for a combination of two

Acetyleholing Corbachol

33

T0

I I

0 0
-e -"7 -e -7'

Log lyeyol 4M) Log glycopyrfolate (M)

1Fi 3. Schild plot for the antagonism between glycopyrrolate and acetylcholine or carbachol at atrial
muacuinic receptors in guinea-pig left atrium. The points are the means of 4-6 experiments.
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Table 1. Dose ratios produned by SIyC-pyff-lat in combination with QNB. gallantin or meihoctramine on muiMannsc raceptors of
jlwoe-pil atnumn with carbectiol as apoenit

Glycopyrrolais Glycopyrrolate QNB (SnM) GailsnineW(.1 mM) Medmthoranune (I M) Expentnentai Expected
COB0Sftt&iMf dame rato dose ratio dosn ratio dose mato obtained does rato dos ratbo

(AiM) (A) (a) (B) (B) (A + a- 1)

so 67.0 ± 9.8 21.0 ±8.5 225.0 ±8.10 8 7.0
(R W 1) (4-5) (a -3)

50 67.0 ± 9.8 $1.1 ±11.6 212.2 ±34.9 147.1
(n W D) 1n-0) (A-5)

s0 67.0±t9.8 68.5±t 15.6 133.8 t 56.3 134.S
(N W 10) (n -6) (x -3)

The value of the does ratio is Vwens by muam ± SEM. it - No. of eiperments.
ODifeW=n is sipianlkamt at P < 0.05 level.

competitive antagonists (Table 1). In contrast. a tion resembles that of Cal+ channel blockers such as
combination of glycopyrrolate (50 nN) and methoc- diltiazem and nifedipine; both of which can totally
tramine (I AM), a cardiac M2 antagonist (Meichiorre relax atrial muscle (Fleckenstein et al., 1984). The
et al., 1989) produced a dose ratio of 134 which was antagonism by the Cal+ agonist Bay K 8644 on the
not different from the value expected (135) for these negative inotropic effect of glycopyrrolate appears to
two competitive antagonists. The same can be said support such a contention (Fig. 1). Although
for glycopyrrolate (50 nM) and gailamine (0. 1 mnM), classified as an antimuscarinic (Goodman and
a muscarinic allosteric effector (Mitchelson, 1988) Gilman. 1966), it is plausible that glycopyrrolate
which did not show any significant difference between could have a different pharmacological spectrum at
the expected (147) and the experimentally combined different concentrations. At concentrations in the
dose ratio (212). milimolar range, it may block Cal*~ channels; de-

crease the slow inward current carried by Cal*~ plus
Inhibitory actions at the muscarmnic acetylcholine Na + (Reuter, 1979) and subsequently reduce the
receptors force of atrial contraction. Radioligand binding stud-

The nhiitoy efecs o glcoprroateon 'HIPZies with Ca` channel blockers such as (1H) nitrendip-
and inHIbtr effX34 eet ofetyoprmoiaed on [easH]n PZe (Freeman et al., 19185) may assist in providing

thand[HioaF-DXit 384 were hdetermine byompeasuing some clues. The positive inotropic effect of glycopy-
the pradioactiit of thincadreasnoceptrtiors complhex in- rrolate at the lower concentrations was inexplicable
hbthe presecofsan inreasoing concentrations ofThein as the effect was relatively insignificant and was
resbitowre and alostanty radHiolandtconcentrton. The( Independent of the concentration of glycopyrrolate.

resltswer aalyed y Hil pot.i~. lg (/(- Y)] The depressant effects of acetylcholine and carb&-
vs log I where Y is the ratio of the radioligand bound chol are both antagonized by glycopyrrolate. Analy-
in the presence of glycopyrrolate to that in its ab- ssb cidpo hwdlna eainhp
sence, and I is the concentration of glycopyrrolate. s(s by 0. ch)ad poitecet sow ted line isar relationship
Tna n C.i he value of t at pltin w hic as th 0.5. Thffcen ratio = 2) was 6.9 nM glycopyrrolate against carba-
dissocatind3 cos thvante of th gtlwhcpYrrol0t5.rTceto chol and 4.1 nM against acetylcholine. These two
complexiatisn csalcouteglcpyrlated ydiiin ecetby apparent dissociation constants are comparable tocopeQ/1 scaclte4ydiiig)Cb each other, suggesting that glycopyrrolate and the
(I + Q where Q is the concentration of the two muscarinic agonists could interact at a common
radioligand. Table 2 shows the X and nit values for site. The site is most likely the atrial muscarinic
glycopyrrolate competing vs ('H] PZ and [IH] AF-DX aeycoiercpo si skonta hs w

39H. Aesult 384cte that - 0.03 nM) ore reandily agonists induce the contractile effects through acti-
place [1jA-X34(.-00 M oeraiy vating the muscarinic receptors and the associated
than ('3H] PZ (X. - 0.60 nM) from their receptors. The K "channels in the atrium (Freeman, 1974). The
nH, value for glycopyrrolate vs ('H] PZ was larger than slopes of the Schild plot against both agonists were
unity at P < 0.05 level; suggesting positive coopera- sinfctl(P<05)arethnutywihae
tivity at the radioligand-receptor complexes. In con- sigcnsificantl (Pt <0.05)larer copthnuitye wnhichtiare
trast, the ntz value vs ['H] AF-DX 384 was not ntcnitn ihsml opttv niiin
different from unity, indicating a simple competitive Ths getrhauny'cid-gesonlps
interaction at the M2 site.

Table 2. Inhibitory effects of Siycopyrrolate on the
binitip of (1H) PZ and [J1l] AF-DX 384 to th

DISCUSSION muscarinic reempior in guiane-pig brain mem-
bruise Values of k~ aMnd an are ean ± SEMt. lEsa

Glycopyrrolate appears to be a weak inhibitor dam point is calcuated from 3-7 eqpenment.
(EC%. - 0.24 mM) of the atrial force of contraction. Radioliland QWn) of
The suppression seems to differ from that induced by I'Ml PZ 0.60±0.22 1.6 ± 0. 11.
the K* channel openers, cromakalimt and pinacidil 13HI AF-DX 334 0.03 ± 0.01 1.3 ± 0.25
(Lau, I992) which could not completely abolish atrial Jý- *i~ns afilnuty Constant; M

*A - Hll cofficiet.
contraction. This negative inotropic: effect of glycopy- OP < 0.05.
rrolate does not arise from the blockade of the r, of 14qI Fz and ('Hj AF-DX 384 used for X
muscarinic ACII receptor since at concentrations far, calculations were.29 and0.12tiM respecively.

lowe tha itsEC,, al recptor wold b blokedThe KO were obtained from saturation isothermImm himitsECO al reeptrs oul beblokedexperimmns and estimated by MiN-Fit propmmu
(we Table 2). Rather, the inhibition of atrial contrac- (&uwowe. IM6).
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could be an indication that the drug-receptor inter- anticholinergic symptoms following glycopyrrolate
action is rate limiting, or there is a saturable removal administration (Grum and Osborne, 1991).
mechanism in the tissue for the antagonist (Kenakit,
1987). Furthermore, it is plausible that glycoPYrrolate Acknowicdgmini~s-The authors wish to "han A. H.
blocks the muacarinic receptors and alsio interacts Robbins Ltd. Sydney for a gift of glycopyrrolate. We are
with the associated afloeteric sit. particularly grateful to Dr Shirley Freeman for reviewing

Antagonist combination experiments were carried this article.
out with QNB. a muscarinic competitive antagonist
(Birdsall and Hukwe 1976)t gallamine. an allosteric RFRW
antamuscarnmc agent at the cardiac muscarinic recep-
torn (Mitchelson. 1988) and methoctrminie. a cardiac Arunlaksbazaa 0. and Sclaild H. 0. (1959) Somne quantitative
M2 muscarinic anltagonist (Melchiorre, 1989). A com- uses of drug antagonists. Br. J. Pharrmw. 14, 48-S8.
bination of glycpyrrolate and QNB resulted in dose Birdsall N. J. M. and Hulme E. C. (1976) Biochemical
ratio greater than the sum of the dose ratios produced studies on muscarinic acetylcholine receptors. J. New*-
by the two antagonsts when tested alone (Table 1). chem. 27, 7-16.
These results did not seem to be completely consistent urwgsser E. (1988) MiN-FIT. an IBM-PC programme for

withthetwoantgonstsinteactng t ~dI&CI~ the analysis of complex binding data according to the lawwiththe wo atagnist intractng t tw difemt of mass action. pp. I-Ill1. Bureco AG. Kaiserstrams Sa
but independent sites or two different sites that CH-43 10, Rheinfelden. Switzerland.
subserve the sawe effector (Paton and Rand, 1965; Clark A. L and Mitchuison F. (1976) The inhibitory effect
Oark and Mitchelson, 1976). In contrast, the mutual of gallammie on muscaninic receptors. Dr. J. Phawsac. U,
competition between glycopyrrolate and methoc- 323-331.
tramine or gallasnine gave dose ratios equal to the Downie N. M. and Heath R. W. (1970) Basik StAatstical
sum of the dose ratios of the two antagonists individ- Methods, pp. 178-185. Harper International Edition,
ually determined. This strongly suggested that gly- Harper & Row. New York.
copyrrolate compete with methoetramine at the Enueroth M. and Mayer N. (1990) Labelling of rat hean
M1-muscarinic receptors and with gallamine at th muscauinic receptors using the new M, selective antagon-

ist (3HI AF-DX 384. Biochem. Pharmnuc. 46, 1674-1676.
alloitteric site. It is possible that glycopyrrolate ha' Fleckenstein A., Van Breemen C.. Grop R. and Hoffmeuster
different binding sites in cardiac tissues. It may have F. (1984) Cardioasuar Efes of Dihydroyrk~w -Type
a high affinity binding to the M2 subtype, inter- Calcium, Antagonitus and Agonisas. pp. 3-31. Springer.
mediate affinity at the allosteric site and low affintity Berlin.
at the Cal+ chanme. Since the cardiac muscasnmc Freeman S. E. (1974) Cholinergic mechanisms in bourt,
receptors are dominated by the M2 subtype (Vickory interactions with 4-anunopyridine. J. Pharmac. exp. Ther.
et at., 1986), it is conceivable that the M2 Ireceptors F10,7-14. TuerRi.(94Paspln

ar h piaysiefrineatinpriclrywhen Freeman S. E. andTunrRJ.(94 hs-pai
imthe ompetin antagfonis isnt e lct pative.Theraoliy trajectories of atrial cell action potentials: effects ofthe ompeingantaonit isM2 slecive.Theradili- temperature reduction. Cardiovxisc. Res. 8.,451-459.
pand binding studies tend to support this argument. Freeman S. E.. Dawson Rt. M.. Culvenor A. J. and Keegiman
Glycopyrrolate effectively displaced the binding of A. M. (1985) Inteacions of amantadine with the cardiac
the M, selective [3HI AF-DX 384 (Entzeroth and muscarnnac receptor. J. Mel. Cell. Cardiol. 17, 9-21.
Mayer, 1990) from the muscarinic M, receptors Freemain S. E., Dawson R. M. and Keeghan A. M. (1916)
which was approx. 20 times more potent than Modification of the effects of muscarinic agotaists by
the displacement of ['HI PZ from the M, sates (see reversible and irreversible amaticholinesterase compounds
Table 2). in the guinea-pig atrium. J. Mol. Cell. Cordial. 18,

In oncuson.it asdemonstrated that glycop- 23 1-239.
In cnclsio, i wa Goodman L. S. and Gilmnan A. (1966) The Pharmacological

rrolate antagonized the depressant responses in Basis of Therapeutics. 3rd edn. p. 534. Macmillan, New
guinea-pig atrium induced by two muscaninic: ago- York.
nists. This effect would have been mediated through Grum D. F. and Osborne L. R. (1991) Central anticholine-
the blockade of.theatrial muscarinic receptors. Radi- gao syndrome following glycopyrrolate. Anesthetics 74.
oligand Jindlng studies shored.that glyoapyrrolate is 19 1-193.
a potent-inhatNtor at-both te.M Mand M teceptors Kenakin T. P. (1987) Pharmacologic Analysis of Drug
with a pr.eerAsce for the M2 Subtype. Wbis makes Receptor Interaction. pp. 205-244. Raven Press. New

gmlycoprrolaite aoetial. Th -mta copeito Lau W. M. (1992) The effects of potassium channel blockers
recetorclasifcatin. he muual ~mptlt~fl on the negative inotropic responses induced by cro-

experimusmts confirmed that glycopyrrolate interacts makalim and pinacidil in guinea-pig atrium. Pharma-
competitiv-y~wijwth*M: 3lective an~taonis~ts at the M, cology 45. 9-16.
sites whici arethe i edomznantsubtypein the atrial Lowr 0. H., Rosebrougla N. J., Farr A. L. and Randell
tissue. lu40iedjn glycpyrrolal apPears to have an Rt. J. (1951) Protein measurement with the folin phenol
allostcrWc effect and bloqks -W+ chmannes in the reagent. J. Biol. Chinm. 193, 265--275.
atrium, although the concentraton require for Cal + Melchiorre C.. Quaglia W., Picchio M. T.. Giardina D..
channel blockade ~ Abytoo b~sto build up Brasili L. and Angeli P. (1989) Structure-activity relation-
under nd h-F pymhysIojWa =awditions. .The. thera- ships among methoctratnine-related polynsetbylene te-
peuatc nihnssof, $iar~pprolate fteatment of tramines. Chain-length and substituent effects on M-2

- hatemuscaninic receptor blocking activity. J. Med. Chem. 32,
orgnopas posnn ar any associated _&
with itus Moen anti-muscirinic prpris Whether Mitchielson F. (1988) Muscarinic: receptor differentiation.
thee ev ind ae pertanenit to the ppripheral .system Pharmac. They. 37, 357-423.

only or biave some implK~tions in jte b i s stil Musavchick S., Owens W. D. and Felts J. A. (1979)
controversial as then ateixwports liaig central Glycopyrrolate and cardiac dystiythmias in geriatric
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patien after reveral of neuromuscular blockade. Can. bennlate binding to rat cerebral cortical and
Anaesth. Soc. J. 26. 22-25. cardiac muscannic cholinerpc sites. 11. Charactes
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